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kness-dependene of the eletroni properties in V2O3 thin 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High quality vanadium sesquioxide V2O3 lms (170-1100 Å) were grown using the pulsed laser
deposition tehnique on (0001)-oriented sapphire substrates, and the eets of lm thikness on
the lattie strain and eletroni properties were examined. X-ray diration indiates that there
is an in-plane ompressive lattie parameter (a), "lose to -3.5% with respet to the substrate"
and an out-of-plane tensile lattie parameter (c) . The thin lm samples display metalli harater
between 2-300K, and no metal-to-insulator transition is observed. At low temperature, the V2O3
lms behave as a strongly orrelated metal, and the resistivity (ρ) follows the equation ρ=ρ0+A ·T
2
,
where A is the transport oeient in a Fermi liquid. Typial values of A have been alulated to
be 0.14 µΩ m K−2, whih is in agreement with the oeient reported for V2O3 single rystals
under high pressure. Moreover, a strong temperature-dependene of the Hall resistane onrms
the eletroni orrelations of these V2O3 thin lms samples.
PACS numbers: 81.15.Fg, 71.27.+a, 74.20.Mn, 68.55.-a
First disovered by Foex in 1946,
1
vanadium
sesquioxide V2O3 has reeived a great deal of attention,
both by theoretiians as well as experimentalists. In-
deed, it has been reognized previously that a pressure-
indued metal-to-insulator transition (MIT) for V2O3 is
driven by eletron orrelation,
2
establishing V2O3 as a
prototypial strongly orrelated eletron system. As a
result, numerous studies on the eet of omposition
or external parameters on the transport properties of
V2O3 have been reported.
3,4,5
Partiular attention has
been also paid to the phase transitions of V2O3: in the
pressure-temperature plane two phase transitions are re-
ported, either when applying a hydrostati pressure or a
hemial pressure (see for example, (V1−xMx)2O3 with
M=Cr, Ti,..).
3,4
For example, a system that is lose to all
phase boundaries is (V0.985Cr0.015)2O3 at 200K.
6
When
the temperature is dereased, this paramagneti metal
undergoes a rst order phase transition from a orun-
dum struture with rhombohedral symmetry (R3c spae
group, with a=4.951Å, =14.003Å) to an antiferromag-
neti insulator with monolini struture (I2/a).7 When
the temperature or the Cr-ontent is inreased, a param-
agneti metal to paramagneti insulator transition takes
plae.
6
While the former transition bears strong simi-
larities with many usual magneti transitions, the latter
one orresponds to the famous Mott transition. Qualita-
tively, this Mott transition is well desribed by the Hub-
bard model: inreasing the Cr-ontent results in inreas-
ing the ratio U/W (U being the strength of the Coulomb
interation, and W the bandwidth), in whih ase the
quasipartile residue dereases, and eventually vanishes
at the MIT.
8
Furthermore, when onsidering the optial
ondutivity, the optial weight at low energy is trans-
fered to energies of order U .9 When the system is lose
to the Mott point, thermal utuations destabilize the
oherene of the Fermi liquid (FL), and an inrease in
temperature results into a MIT.
10,11,12
Several orbitals
are involved at the Fermi energy, and however, a quan-
titative desription of V2O3 needs to build on a more
involved theory, suh as the one pioneered by Held et
al.
13
Despite extensive studies on polyrystalline powder
and single rystal V2O3 samples,
14,15,16,17
there have
been few reports on thin lm samples. Shuler et al.
addressed the inuene of the synthesis onditions upon
the lassial metal-to-insulator transition and the growth
modes of the lms.
18
The relation between the transition
temperatures and the lattie parameters also have been
reported.
19,20,21
There is little knowledge however on the
thikness-dependene of the properties of the V2O3 thin
lms.
In this letter, we examine a series of epitaxial V2O3
thin lms, inluding their lattie parameters, roughness,
and Hall resistane, in order to investigate their transport
properties as a funtion of thikness.
Samples of V2O3 thin lms, of whih the thikness
ranged from 170Å to 1100Å, were grown on (0001)-
oriented Al2O3 substrates (rhombohedral with the pa-
rameters, a=4.758Å, =12.991Å) by the pulsed laser de-
position tehnique. A pulsed KrF eximer laser (Lambda
Physik, Compex, λ=248 nm) was foused onto a stoihio-
metri V2O5 target at a uene of 4 J m
−2
with a rep-
etition rate of 3Hz. The substrate heater was kept at a
onstant temperature ranging from 600
◦
C to 650
◦
C. A
bakground of argon pressure around 0.02mbar was ap-
plied inside the hamber. At the end of the deposition,
the lm was ooled down to room temperature at a rate
of 10Kmin
−1
under a 0.02mbar argon pressure. The lm
thikness was determined, to an unertainty below two
V2O3 unit ells, by a mehanial stylus measuring system
2(Dektak
3
ST). The struture of the lms was examined
by X-Ray Diration (XRD, with the Cu Kα1 radiation,
λ=1.54056Å) using a Seifert 3000P diratometer for the
out-of-plane measurements and a Philips X'Pert for the
in-plane measurements. In-plane a lattie parameters
were extrated from (104 ), (116 ), (113 ) asymmetri re-
etions. The resistivity of the samples were measured
in four probe onguration using a PPMS system. To
make appropriate onnetions onto the lm, four silver
plots were rst deposited via thermal evaporation onto
the lm, and then thin aluminum ontat wires were used
to onnet these areas to the eletrodes. For Hall eet
measurements, a Van der Pauw onguration of silver
plots was used. For eah temperature value, the trans-
verse resistane is measured with an applied magneti
eld varying from -7T up to +7T. The Hall resistane
RH is alulated from the transverse resistane (Rxy) us-
ing the formula RH=(t ·Rxy)/H , where H is the applied
magneti eld.
As it is known that the nonstoihiometry an dras-
tially inuene the eletri properties of V2O3,
15
a X-
ray photoeletron spetrosopy study was arried out. It
shows that the oxidation state of vanadium an be esti-
mated around +3, onrming that the lms stoihiome-
try is lose to V2O3.
19 Θ−2Θ sans XRD measurements
reveal that only the peaks orresponding to the 00l ree-
tions (where l=6, 12...) are present, whih indiates that
the c-axis of the lms is perpendiular to the plane of the
substrate. Φ-sans, reorded around the (104 ) reetion
show three peaks separated by 120
◦
from eah other, in-
diating that the lms have a 3-fold symmetry and are
grown epitaxially, with respet to the substrate. These
results are in agreement with the rhombohedral symme-
try observed in the bulk V2O3. This symmetry and the
R3c spae group are further onrmed by eletron dira-
tion pattern analyses. The high quality of the lms was
also attested by the low value of the roking-urve lose
to (0.20
◦
) measured around the (006 ) reetion of the
lm.
Fig. 1 displays the evolution of the lattie parame-
ters (c) and (a), harateristi of the R3c struture, as
a funtion of the thikness t. The out-of-plane lattie
parameter (c) is slightly larger than the bulk values, by
0.45±0.1 %, while the in-plane (a) is smaller by -0.55±0.1
%, onrming a biaxial ompression in the (ab) plane, es-
timated to -3.5±0.5 % with respet to the substrate (the
stress values are alulated from the mean-values (c) and
(a) obtained from the thikness dependene in Fig. 1).
This suggests an anisotropi strain similarly to previ-
ous reports.
20
Surprisingly, the lattie parameters are al-
most independent of t, indiating that the lms are fully
strained in the whole thikness range. The surfae mor-
phology was also studied by Atomi Fore Mirosopy
(AFM) with a san area of 3× 3µm2. Topography of the
V2O3 samples reveals that the roughness inreases when
the thikness inreases. For example, a typial surfae
roughness (rms) of 4.5Å was observed for the thinnest
lm (170Å), while a thiker sample (700Å) has a rms
Figure 1: Thikness-dependene of the a,  lattie parame-
ters. Doted lines indiate the bulk values. The line is a guide
for the eye only.
value of 11Å. This may indiate that the growth mode is
mixed: a layer-by-layer (2D-mode) on the (ab) plane at
the initial step of the growth, and an island oalesene
(3D-mode) along the -axis when the thikness inreases.
To summarize, the strutural and mirostrutural analy-
ses onrm that the lms rystallize in the R3c struture,
as in bulk, despite a large in-plane ompressive strain.
Figure 2: Temperature-dependene of the longitudinal resis-
tivity of several V2O3 thin lms.
The longitudinal resistivity (ρ) of V2O3 lms is plot-
ted in Fig. 2 as a funtion of temperature for several
thiknesses. In ontrast to bulk samples, none of the in-
vestigated lms exhibit a strong temperature-dependent
3resistivity. This is espeially valid for t > 220Å, in whih
ase the resistivity inreases ontinuously with tempera-
ture as in a metal. Nevertheless, some hysteresis is ob-
served, though strongly suppressed with respet to the
bulk. Thus, we an onjeture that the abovefound stress
in the (ab) plane results into a larger band width, and
hinders the paramagneti metal-to-antiferromagneti in-
sulator transition. In ontrast, for thinner lms (t <
220Å), the lms are metalli with a weak inrease of the
resistivity near 150K. Its origin might be a reminder of
the strutural transition. As shown in Fig. 3, resistiv-
Figure 3: Resistivity versus T 2 in the low temperature region.
The Td temperature (see text for details) is also indiated.
ity data for all lms follow a law in ρ = ρ0 + A · T
2
in
the temperature range from 2K up to a harateristi
temperature Td. Here ρ0 represents the (lm dependent)
residual resistivity, and A the transport oeient in a
Fermi liquid. This behavior, whih diers from simple
metals that exhibit T 3 or T 5 behavior, is seldom ob-
served over suh a temperature range, exept for a few
strongly orrelated eletron system, suh as Ca3Co4O9.
22
Table I summarizes the values (ρ0), (A) and (Td) for a
series of lms. The average value of A is lose to 0.14µΩ
m K
−2
aross the whole thikness range, indiating that
the A oeient is not signiantly thikness-dependent.
Moreover, it should be note that suh values are sim-
ilar to those measured for single rystal V2O3 samples
Table I: Thikness t, residual resistivity ρ0, Fermi liquid
transport oeient A/A0 (with A0 = 10
−5
mΩ m K
−2
),
temperature Td, arriers number at 300K n, and Hall mobil-
ity at 300K µH for three lms.
t (Å) ρ0 (mΩ m) A/A0 Td (K) n (m
−3
) µH (m
2
(V s)
−1
)
1100 0.24 19.6 18.7 4.5±0.21022 0.16±0.05
380 0.27 14.0 17.5 4.4±0.41022 0.15±0.06
260 0.19 10.2 15.8 4.9±0.51022 0.21±0.10
subjeted to high pressures (26-52 kbar).
17
The high A
values involve the existene of strong eletroni orrela-
tions in our metalli thin lms. The produt A·(Td)
2/a is
about two orders of magnitude lower than h/e2, indiat-
ing that the FL behavior does not extend up to the ee-
tive Fermi temperature. Instead, an additional sattering
hannel opens up at T > Td, whih might be provided
by spin utuations. To better quantify the tempera-
ture range where this sattering hannel is relevant, we
performed Hall eet measurements in the temperature
range 2-300K. Fig. 4 shows the resulting Hall resistane
(RH) for a series of lms.
Figure 4: Temperature-dependene of the Hall resistane of
several V2O3 thin lms.
The positive slope of the Hall resistane implies hole-
like harge arriers, as inferred by MWhan et al.
14
More-
over, while the Hall resistane would be nearly temper-
ature independent in a regular metal, it here exhibits a
strong temperature dependene, espeially for T < 200K.
In partiular, the strain involved in our lms has little in-
uene on the loation of the maximum of RH , as it is
loated at a temperature very lose to the one reported
for metalli bulk samples.
23
Nevertheless, this temper-
ature slightly inreases as the thikness dereases. A
similar result has been observed in the aforementioned
single rystals with an inrease in pressure, indiating
that the derease of the thikness is onsistent with an
inrease of the pressure. At room temperature, in the
temperature-independent regime, the values of the ar-
riers number (n) and Hall mobility (µH ) an also be
extrated from the Hall resistane value (see Table I).
For the thiker lm (1100Å), they are alulated to be
n = 4.5± 0.21022cm−3 and µH=0.16±0.05 m
2
V
−1
s
−1
,
whih are onsistent with the ones observed in V2O3
single rystals.
14
Note that RH looses its temperature-
dependene above ∼ 200K, whih indiates that above
this temperature the orrelation length of the utua-
4tions that satter the eletrons beome of the order of
the lattie parameter. Consequently, in this regime, the
resistivity is expeted to be T -linear, whih is indeed ob-
served for most of the lms.
In summary, high quality epitaxial V2O3 thin lms
were grown, with thikness ranging from 170-1100Å,
by pulsed laser deposition on sapphire substrate (0001-
Al2O3). Using multiple of haraterization tehniques,
we onrm that the lms have the same rhombohedral
struture (R3c spae group) as in the bulk despite the
substrate-indued strains. The thikness-dependene of
the eletroni properties show the suppression of the las-
sial metal-to-insulator transition with a metal-like be-
havior. At low temperature, the dependene of the re-
sistivity as a funtion of T 2 was measured to be that
of a strong orrelated metal, and was onrmed by
temperature-dependene of the Hall resistane.
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